Ultrastructural study of depolarization-induced translocation of NRF-2 transcription factor in cultured rat visual cortical neurons.
Nuclear respiratory factor (NRF)-2 or GA-binding protein is a potential transcriptional, bigenomic coordinator of mitochondrial and nuclear-encoded subunits of cytochrome oxidase genes. It is composed of an alpha subunit that binds DNA and a beta subunit that has the transactivating domain. Previously, we found that the level of NRF-2 paralleled that of cytochrome oxidase under normal and functionally altered states. The goal of our present study was to increase the resolution to the ultrastructural level and to quantify changes before and after depolarizing stimulation. We used a pre-embedding immunogold-silver method for the two subunits of NRF-2 in cultured rat visual cortical neurons. NRF-2alpha and beta were normally located in both the nucleus and the cytoplasm. In the nucleus, both subunits were associated primarily with euchromatin rather than heterochromatin, consistent with active involvement in transcription. In the cytoplasm, they were associated mainly with free ribosomes and occasionally with the Golgi apparatus and the outer membrane of the nuclear envelope. Labelling was not found in the mitochondria, confirming the specificity of the antibodies. Neuronal depolarization by KCl for 5 h induced a six- to seven-fold increase in the nuclear-to-cytoplasmic ratio of both subunits (P < 0.001) without increases in total labelling densities. These results strongly indicate that both NRF-2alpha and NRF-2beta respond to increased neuronal activity by translocating from the cytoplasm to the nucleus, where they engage in transcriptional activation of target genes. Our results also indicate that the cytoplasmic to nuclear movement of transcription factors is a dynamic process induced by neuronal activity.